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Abstract: A rapid method of compressor characteristics prediction with coupling inverse de-
sign and direct problems was proposed. According to one-dimensional meanline design theory of
the compressor, the aerodynamics layout of the compressor was quickly obtained by solving the
inverse problem to satisfy the design targets such as mass flow rate and pressure ratio. Then, by
adopting the models of loss and deviation angle at off-design conditions, the compressor characteris-

tics of the whole working condition were obtained by solving the direct problem. The aerodynamics
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layout was adjusted according to the deviation angle between the predicted characteristics and the

targets, and the reasonable and rapid prediction of the compressor characteristics was realized

through the coupling of inverse and direct problems. Moreover, a parameter calibration method

of compressor loss and deviation angle model based on genetic algorithm was created. This meth-

od used optimization theory and experiment data of compressors to improve the traditional models

of loss and deviation angle for enhancing the prediction accuracy of compressor characteristics. Ex-

perimental data of three compressors were used for calibration and validation of the proposal meth-

od. The results showed that the efficiency prediction errors at design and off-design conditions

were 0.23% and 1.34%, which satisfied the requirement in the stage of requirement analysis

and concept design for aero-engine.
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Fig.1 Flow chart of prediction method of compressors characteristics with coupling direct and inverse problems
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Table 2 Prediction errors of the calibration model and datum model at design point and full working points for

the two compressors of calibration

- HiR 2/ %
B R B AU L S TR 2 TRIE R
e 0.39 3.25 3.16 6.42
A HE 0.11 2.53 1.13 3.81
Ev:mean[iim% )} (15) %lJo.g%\ug%?‘EﬁM%ﬁl’%‘lﬂ?ﬁJEﬂfh?
T T A5 1 A5 TR0 R S o A5 U X6 R B A0 AIL 1) I Ak

L o BS54 T Aachen = 9 B S WL L8 3t

m%{ZEﬁWﬁMJ (16)  MERCEURISCHS 1.0 6 A 0.94 Fe e X 1L, 4] 6

. 25 1T NASA P 94 5 75 3 XU 1.0 55 3 0.7 5%

SARMEBRATIE B BT O LB e W LR B RO B 3 TR

F 0% A0 P LI LM D% 22 B/ BR80T AR AR L gt e 9 08 2 2 TS L 00

PR BUMRS BE o BORF , SRR EE BCHE e o 0 780 5 280 2% R A 1 o 4 1) 725 b s 34
BERAEEFE SORI 4 T 00 BORCRTRINR 22 40 W F I 5550 (o — 3,

0.95 F -
0'90 ; 2.4 __
085 22F i N
0.80 E 20F
%ﬂ» E || o) C
0.75 E i 2 sE
= E i ¥ "
“ om0k &ﬁ’fﬁﬁ” i = 16 i—ﬁ‘iﬁﬁm
: S I e
0.65 i — HfER T T T T 14 pomrmmres FEAERAY
0.60 1.2 S-S S S IR S
S P e e = T B s s e s b e e e e
9 10 11 12 13 14 15 9 10 11 12 13 14 15 16
it/ (kg/s) Pt/ (kes)
(a) 105U (b) 1.0 R Heet:
095F -
090 F as E
0.85 F B O A . T T A A
0.80 F 20 - 2 LI
ﬁ075: 51.8: ””” 13% ’E}’#J ”””””””””
B U i d O E L RmeEm i
0.70 F —&;’fk’rﬁﬁ” ;_ LOF_ 5oy NP S T A I
F -———— J\ W : F e Jetie 1 |
065E L e ._ 14 femeemen BRREGT oy oo =
0.60;— ) S U S H I JE
0'55:_nuxlannlnnnnllljnlnnnnlnnn:ln||nJ||| 1.0-F"‘F"'“I"“'*L"'“'4“'4“'*“""l""";""*"'*
9 10 11 12 13 14 15 9 10 11 12 13 14 15 16
MR /(kg/s) ER/(kg/s)
() 0.9455 R FEE (d) 094564 % AR

E5  Aachen =R TAHUR HERLIY | F A5 89 152 56 () 8 14 X Lb

Fig.5 Characteristics comparison of Aachen three-stage compressor for the calibration model, datum model and experiment

2.3 REEBKEIE F1% S5 6 5 XA M B A8 % M I A R L R A
DR T 3 A B R R T A TR ) S JEE L A HE". PW3STIV 7 3 e SUHL R 3.5 R <ML, 4%
KM — B RS HEMSHARMERN PWISTIESHL 7 7 B AR R o v 8, B0t s i 5o 4.3



626 /) B = - 5 37 %
0.90
r 325F
0.85 F 3.00 E
0.80F--21--- 275 F
’ r 2.50 F
¥ 095 o = 3
o oppEE 2.00 F
Ly i J———"
[ sapsspnd 1.75F Sy
C N P - == gV
0.65 F Bl LSOF-- i . B R
0.60_'-""-""-""-""-""-"'-'-- 125: 1 1 1 1 1 1
79 8 81 8 8 84 8 86 79 8 81 8 83 84 8 86
T/ (kgls) At /(ke/s)
(a) 1O AR (b) LO%EH IR He gtk
o 175 o ST ke
- 150 F---------mo oo
; 2 B
3 _ Bk
o5 b ——mamgTRL FI [ ——— e
L ; 100 - ---- FH Lo
o4 b ToTTBEEE S E oo R
:....=....|....|....|....:....|.... 0.75 M R T D T
30 35 40 45 50 55 60 65 30 35 40 45 50 55 60 65
Wi/ (kg/s) iE/(kg/s)
(c) 0. 755 HAR R (d) 0.7% T bt

6 NASA PTG R AL RY | B vEAS R 1S5 09 o P X HE

Fig.6 Characteristics comparison of NASA two-stage fan for the calibration model, datum model and experiment

kg/s, LA 1.345, 305 86.1200, K34 T
PW3ST ML FE o 55 70 A o A Y (19 T2 11 i
G T B T 3R 22 X6 B, 55 B AR AR L A v A
AUV 4 T B0 9 803 0 L ) T a5 22 1 4%
AN CERTE T PERE M2 BUNORE B . BOR R AL
BRI A U T A50FN 4 T 50 1) 203 T 35 22 43 30l T
#0.23%.1.34% ., W 7% H T PW3S1 JES ML
1.05 %% 38 . 1.0 % 3 F1 0.85 # i f ) FH 42 ofi 45 750
B VAR T (0 R S AR R X b, g B
R 0 ) 25 R R il X HE L E 105 B 1.0

Bl SRR 0.85 1t T, A 1 A5 A8 174 A0 A8 R il 4 ) T
DNAS B B S T B R T TR e s AR & i
Bl R SRR R R O TG B L #h 105 F% 3 (1.0 %%
AN 0.85 7 T 1) Fi EU AR P 1l 46 %t b mT 8, 7 30 2R
AL DX S8 B0 T, R AR TR R B AR ) N a3 2 L 3
YA A TR T 0 5% 25 il AT 1 R, (R R O B DX A AR
AR H A T 00 8, A AR Y () R HE A MR S S0 R L
R 0108 25 T /N DI AN R R 2ROk T A i A
BB T AN R H R PR il 2 T
R EE

£3 PWISIESHRARB M AEFEENZITSME TANHTIRE

Table 3 Prediction errors of the calibration model and datum model at design point and

full working points for PW3S1 compressor
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Fig.7 Characteristics comparison of PW3S1 compressor for the calibration model, datum model and experiment
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